The Direction of Epithelial Growth is Inwards by T J Ryan FRCP (Slade Hospital, Oxford)
The classical view of the outward direction of epithelial growth towards its surface has been questioned (Ryan 1966b (Ryan , 1970 but Pinkus (1970) could see little justification for a concept of an epidermis actively attempting to move towards the dermis in order to fulfil its needs. He emphasized that thickening of the upper dermis resists any apparent invasion by elongated rete pegs. Is the epidermodermal junction a site of opposing forces such that a status quo is only maintained because of an outwardly growing dermis ? Frithiof (1969) stated that epithelial cytoplasmic processes introduced through gaps in the basement membrane were the first signs of invasive potential in malignancy, the 'forme fruste' of inward movement. Long projections from basal cells squeezing through gaps in the basement membrane and guided along strands of fibrin or degenerate collagen are a feature not only of malignancy and wound healing but also of the normal developing hair papilla and of senile keratosis and psoriasis (Hashimoto 1970 , Tarin 1967 . Hashimoto suggested that in the case of the developing hair follicle, gaps in the basement membrane were physiological. They are probably physiological in human intestinal mucosa where similar epithelial projections occur (Toner & Ferguson 1971) . Cauna et al. (1970) , using a high speed dermal punch without anmesthesia observed that basal epidermal cells projected their cytoplasm through gaps in the basement membrane during all stages of whealing in dermographic subjects. They emphasized that the epidermis is a very active tissue responding readily to changes in the dermis by inward projection. The classic theory of epidermal migration outwards is unsupported by any such observations of projection towards the surface.
In a film of macrophage movement kindly lent by Dr Y T Chang (Department of Health, Education and Welfare Public Health Service, Bethesda, Maryland), one can observe that motile cells are elongated and that the advancing edge has a ruffled cytoplasm. Undulating movements of cell margins with fan-like expansions related to pinocytotic behaviour can be correlated with a special type of cytoplasm containing fine filaments beneath the plasma membrane (Buckley 1974) .
Such cytoplasm, while frequently seen at the epidermodermal junction, is not a feature of the superior surface of the epidermal cell and argues strongly against active migration outwards. Phagocytosis is also a feature of the advancing moving surface of cells and was emphasized by Odland & Ross (1968) . Epithelial cells are avid ingesters of dermal constituents, particularly in their motile phase, and most phagocytosis is seen at the epidermodermal junction where the face, rather than tail, of an inwardly looking epidermis seems the more appropriate characterization.
What is the Aim? Zelickson & Hartmann (1962) maintained that projections of basal cells into the dermis in oral mucosa, as well as the channels between endothelial cells, encouraged the passage of nutrients towards epithelium. It may be naive to believe that food is the main reason for inward movement (Ryan 1966b) . One must agree that there is no obvious lack of diffusion of materials such as glucose, oxygen or amino acids through the epidermis; but gradients there must be. Aschheim (1968) comparing the behaviour of the epidermis to a colony of bacteria, suggested that epidermal nutrition is a function of the magnitude of metabolic flux across the basement membrane, and that growth rate may be controlled by availability of food and the limitation of some metabolites for some cells. However, substrate is a better term than food and few would doubt that the dermis is a significant substrate for the epidermis capable of inducing migratory behaviour in epidermal cytoplasm and at the same time creating a barrier to invasion. So much of epidermal behaviour seems to be directed towards the organization of a dermis to satisfy its needs. This concept of inward movement is built upon various personal studies on the control of fibrin in the dermis and the role of a blood supply in epidermal behaviour, reviewed by Ryan (1973) . It becomes more relevant when studying skin disease. The epidermis does not thrive and both growth rates and orientation to the dermis change in disorders in which it is cut off from its substrate by blood clot, altered dermis as in lichen sclerosus et atrophicus or heavy infiltrates as in lichen planus.
Jostling
Part of the argument concerning direction of growth is that basal cells jostle for a forward position at the dermal interface, a position that is lost when the cells go into mitosis. In Dr Chang's film, the rounding up and loss of polarity and adhesiveness when cells are in mitosis are seen very clearly. Also it is obvious that they are relatively stationary and more elongated motile cells pass by them. In wound healing and epiboly in which migration inwards or laterally is an accepted feature mitotic figures are invariably left behind the advancing cells (Finckh 1969) . The more active the epidermis the more competitive is the jostling, and this is a possible explanation of the greater number of mitotic figures in the prickle cell layer as more motile cells squeeze themselves towards the dermal interface. It is also a means of eliminating abnormal mitotic figures, a safety mechanism for surfaces that are exposed to carcinogens. Such elimination is less likely to occur in atrophic tissues with a slow turnover rate. The persistent apposition of abnormal mitotic figures at the surface of a defective dermis might be an explanation for the increased incidence of malignant change in many atrophic skin diseases (Whimster 1973) . The ultra-structural changes in lichen sclerosus et atrophicus (Mann & Cowan 1973) show just such degeneration of collagen and Whimster emphasizes that malignant change in the epidermis in this disorder is probably secondary to dermal defects.
Invasiveness
Tarin (1972) suggested that defective interaction of the epidermis with the dermis accounts for carcinogenesis. He believes that changes in histological structure and invasion are better explained by migration than by rates of cellular multiplication, and that movement inwards through gaps in a defective basement membrane is a feature of carcinogenesis. Such a view fits in well with current studies at Oxford and elsewhere on the role in this respect of defective collagen. Action by collagenase in epidermolysis bullosa (Eisen 1969) and in neoplasia may of course also be important, but it is only one of the enzymes used by the epidermis to control its dermis. Stimulated by W B Reed's opinion that carcinoma occurs frequently in epidermolysis bullosa (Reed et al. 1974 , Didolkar et al. 1974 , Martin Francis demonstrated a collagen defect and abnormal fibroblast behaviour in such patients. It may be that altered collagen rather than excess collagenase accounts for the abnormal invasiveness of the epidermis in this condition.
Tarin & Croft (1970), Odland & Ross (1968) , and more recently, Robin Eady (personal communication) have emphasized the role of connective tissue in controlling invasion by epithelium in small wounds. Tarin (1972) refers to other work on similar restriction of invasion in embryonic tissues and by the ovum. Disruption of connective tissue in transplant experiments and by carcinogens has been shown to encourage invasion by epithelial tissues (Billingham et al. 1951 , Marchant & Orr 1953 . Similarly, variations in collagen structure in the dermis correlate with the degree of tumour development in different regions of skin (Seilern-Aspang et al. 1969) .
As an example of the relevance of a concept of inward growth one may consider the epithelial invasion of the dermis when infected by Candida albicans (Cawson 1973) . Either according to classic theory, intracellular parasites change the 'aim' of the cell so that it becomes an invader and loses interest in outward movement, or, according to the theory of inward growth, normal invasive capacity is facilitated by disruption of the dermis.
Genetic defects in ataxia telangiectasia and epidermolysis bullosa, or acquired defects in irradiated skin and atrophic scars may be mediated through loss rather than gain of a particular property. The specific and specialized conversation between epidermis and fibroblast may be particularly vulnerable. A loss of induction of the dermis by the epidermis resulting in a defective barrier to normal invasion could account not only for carcinogenesis but also for epidermal behaviour in, for instance, reacting perforating collagenosis and related disorders (Mehregan 1970 , Delaney et al. 1973 . Such a loss could be a temporary result of epidermal injury as slight as that observed in the triple response (Cauna et al. 1970 ). Replacement of the normal collagen barrier by fibrin provides an additional stimulus to inward migration (Ryan 1973) .
Capillary microscopy is a useful tool with which to recognize the failure of the epidermis to induce a normal dermis. For instance a distorted inadequate vasculature-telangiectasia has been observed in many states predisposing to carcinoma, i.e. ataxia telangiectasia, epidermolysis bullosa, lichen sclerosus et atrophicus and poikiloderma, and such tissues are commonly atrophic. Some such as ataxia telangiectasia are known to be defects of induction of mesenchyme. There is evidence for an epidermal angiogenic factor acting by inducing a scaffold of fibrin or reticulin (Nishioka & Ryan 1972 , Wolf & Harrison 1973 . Deficiency of such a factor was postulated as a cause of the atrophy of ageing skin (Ryan 1966a (Ryan , 1973 . Fortunately atrophic skin is also lazy, otherwise neoplasia might be seen more commonly. It is only when a tissue such as lichen sclerosus et atrophicus is injured that it is stimulated to take advantage of the inadequate dermis and invade.
While agreeing and admiring the concepts developed by Pinkus (1970) which concern stroma it will be seen that I am not convinced that the aim of the epidermis is habitually outwards. The appearance of any skin lesion depends on its underlying tissue abnormalities. It would help in management of patients to be able to pin point abnormalities in tissue dynamics from physical signs. Jf it is not possible to decide where the fault lies from clinical examination then it seems reasonable to use laboratory tests to supplement visual data. The term 'epidermal cell kinetics' has come to mean the rate of epidermal cell proliferation, although it should include epidermal cell movement. 1 wish to discuss how alterations in epidermal cell proliferation may influence clinical findings.
Techniques
Most of the data have been collected by two techniques. The first employs tritiated thymidine which is specifically incorporated into nuclear DNA during the premitotic synthetic phase of the generative cycle. Cells with nuclei that contain the thymidine are detectable autoradiographically as 'labelled cells'. The labelling index denotes the proportion of such labelled basal and suprabasal cells in the basal layer and indicates the rate of epidermal cell proliferation. In most laboratories, it stands at approximately 5 % for normal adult epidermis. The other technique is an in vitro test which measures uptake of tritiated precursor compounds by thin sheets of skin removed with a Castroviejo Keratotome. Tritiated thymidine is used in the indfibation medium to give an index of the rate of DNA synthesis and tritiated proline and histidine to give information conceining rate of protein synthesis by the epidermis (Marks, Halprin, Fukui & Graff 1971 , Marks, Fukui & Halprin 1971 . The results are obtained as corrected counts per minute, per square millimetre of epidermis per hour for each of the precursors and expressed in 'thymidine units', 'proline units' and 'histidine units'.
Results anzd Discussion
In psoriasis there is a striking increase in the rate of epidermal cell proliferation (Van Scott & Ekel 1963 , Weinstein & Frost 1969 . Weinstein & Frost found that in psoriasis an average 22.7 % of the germinative compartment of the epidermis became labelled. In normal epidermis it takes approximately 28 days for a cell to travel from the basal layer to the surface, in psoriasis about 4 days. Both observations imply a 6 or 7 times
